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ABSTRAK 
Potensi reservoir minyak berkualitas rendah di Lapangan X adalah cukup besar dengan perolehan saat ini 
yang belum optimal. Reservoir minyak berkualitas rendah dengan karakteristik permeabilitas yang relatif rendah 
umumnya tidak optimal  jika dikembangkan dengan metode konvensional menggunakan  sumur vertical dan 
horizontal. Hal ini dikarenakan laju alir sumur  relatif kecil dan metode pengangkatan buatan yang ada bekerja 
tidak  pada rentang optimumnya sehingga dan mengalami permasalahan operasional. Untuk meningkatkan laju 
alir produksi  dan meningkatkan perolehannya diperlukan metode lanjut diantaranya menggunakan metode 
sumur horizontal dengan multi stage fracturing. Tetapi metode ini akan memerlukan investasi biaya yang lebih 
besar serta tantangan keberhasilan dalam operasi pemboran dan perekahannya. Pada kondisi kondisi harga 
minyak saat ini  analisis investasi secara komprehensif perlu dilakukan untuk keperluan pengambilan keputusan 
yang mempertimbangkan aspek sensitivitas harga, biaya investasi dan scenario pengembangan apakah ditunda 
(delay option), dikerjakan (call option) dan mungkin tidak dikerjakan (put option).  Pada penelitian ini akan 
dilakukan analisis keekonomian menggunakan sistem kontrak bagi hasil sistem Cost Recovery dan Gross Split. 
Untuk metode evaluasi keekonomian akan digunakan metode Arus Kas Terdiskonto (DCF) dan Analisis Real 
Option (ROA) sehingga dapat diketahui nilai fleksibilitas dalam pertimbangan pembuatan keputusan.  
Hasil analisis keekonomian pengembangan proyek 6 sumur reservoir berkualitas rendah membutuhkan 
investasi capital sebesar  21.74  juta USD dengan perkiraan perolehan minyak  sekitar 1.89 juta barrel. Evaluasi 
keekonomian  menggunakan metode DCF dengan discount rate 10.8%, memberikan  indikator keekonomian 
Net Present Value  sebesar 6.08  juta US$, Internal Rate of Return sebesar  28.9%,  Periode balik modal  pada 
0.997 tahun  dan Indeks Profitabilitas sebesar 1.28 dan angka VC (Value Creation) sebesar 0.65 juta USD untuk 
PSC Cost Recovery dan NPV sebesar 10.64  juta USD, IRR  sebesar  29.0%, Waktu balik modal 1.517 tahun  
dan Indeks Profitabilitas sebesar 1.49 dan angka VC (Value Creation) sebesar 1.94 juta USD untuk PSC Gross 
Split.  Sementara dengan pendekatan Analisis Real Option menggunakan metode Black Scholes Merton (BSM) 
menghasilkan nilai Call Option  sebesar 9.8 Juta US$ dan  nilai fleksibilitas sebesar 3.7 juta USD untuk  sistem 
kontrak bagi hasil Cost recovery serta angka Call Option  sebesar 10.7  Juta USD dan  nilai fleksibilitas sebesar 
4.1 juta USD untuk sistem kontrak bagi hasil  Gross Split. Berdasarkan kedua metode disarankan untuk 
melaksanakan proyek ini sesuai jadwal yang direncanakan. 
Pada kondisi lapangan dan asumsi ekonomi yang ada, Metode Gross Split memberikan  angka 
keekonomian yang lebih baik bagi kontraktor dibandingkan dengan metode PSC Cost recovery.  
 
Kata Kunci: Reservoir minyak  berkualitas rendah,  Multi Stage Fracturing,  Metode DCF, Real Option, PSC 
Cost Recovery, PSC Gross Split, Fleksibilitas Pengambilan Keputusan 
 
 
 
ABSTRACT 
The oil potential from low quality reservoir of Field “X” is big and current recovery is not optimum yet.  
The typical low quality reservoir with low permeability characteristic is commonly not optimum if it is 
developed using common vertical well and horizontal well. These methods give low fluid rate deliverables that 
impact on low recovery and also operational challenges on artificial lift performance since not working on 
optimum range condition. To improve production performance and recovery, it is required the advanced method 
such as horizontal drilling using hydraulic multi step  fracturing.  However horizontal drilling using hydraulic 
multi step  fracturing method need higher capital expenditure and more complex operational aspect during 
execution. On the current oil price condition, it is required comprehensive investment analysis for decision 
analysis consideration by performing oil price and investment cost sensitivity analysis, development scenario 
whether it is delay option, call option or put option.  This research performs economic analysis using both Cost 
recovery PSC system and  Gross Split PSC system. For economic analysis method, it use conventional 
Discounted Cash Flow (DCF) and Real Option to understand the value of flexibility that important for decision 
consideration. 
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The economic analysis of  low permeability reservoir development for 6 wells indicate that this project 
need 17.6 MM US$ capital expenditure, and will recover oil volume  around 1.89 MMBO. Economic evaluation 
using DCF method with discount rate 10.8% indicate the  economic indices for PSC Cost recovery (NPV = 6.08  
MM US$, IRR= 28.9%, POT=  0.997 years, PI= 1.28 and Value Creation (VC) 10.65 MM US$) and for PSC 
Gross Split  (NPV = 10.64  MM $US, IRR= 29.0%, POT=  1.517 years, PI= 1.49 and value creation (VC) 1.94 
MM US$). Economic analysis using  Real Option method with Black Scholes Merton  (BSM) indicate that this 
project will  deliver call option value around  9.8 MM US$ with value of flexibility around 3.7 MM US$ for PSC 
cost recovery. Meanwhile Real Option analysis for PSC gross split gives call option value around 10.7 MM US$ 
and value of flexibility around 4.1 MM US$.  The 2 (two) methods recommend that this project economically 
feasible and  suggest to execute the project as planned schedule (call to expand).  
According to the operational and economic assumption, it is suggested that Gross Split PSC system is 
potentially better on economic outcome than PSC cost recovery for the contractor (KKKS). 
 
Keywords: Low quality oil reservoir,  Multi Stage Fracturing,  DCF Method, Real Option, PSC Cost Recovery, 
PSC Gross Split, Decision flexibility 
 
INTRODUCTION 
The common typical reservoir management of 
mature field is seeking new opportunity from 
developing “low hanging fruit” become developing 
the more difficult and complex opportunities.  When  
it still as  green field, development stage  can utilize  
conventional technology and will face  more 
complex operation and required more advanced 
technology when it becomes brown field.  Medium 
to high permeability reservoir development will  
become limited and rarely. It is need an extra effort 
to  make production sustain such as   taking a look  
undeveloped reserves coming from low permeability  
reservoir.  To develop low permeability reservoir it 
require more advanced technology such as   
horizontal well technology with multi stage 
fracturing.  This typical reservoir is difficult to be 
produced with conventional technology since will 
face with lower productivity problem that impact to 
be lifted efficiently.  The objective  of this  
technology is to improve  productivity that  finally 
will increase oil recovery. The capital expenditure 
that required to implement this is  higher compared 
to the conventional horizontal well technology.  
Currently, the recovery factor of low 
permeability reservoir “ABC” sand at “X” Field is 
still not optimum since  only 0.8% of OOIP.  The 
opportunity from undeveloped 3P reserves is still 
promising. The low recovery factor  is impact of 
low productivity and not optimum when produced 
commingle with typical vertical well.  A new 
development strategy through horizontal well with 
multistage hydraulic fracturing is proposed to 
improve recovery performance. 
 
 
Figure 1. Conceptual schematic of horizontal well 
with multistage fracturing 
 
The issue of this technology implementation is  
higher capital expenditure and operational 
complexity. It related with  technical and 
commercial uncertainty that finally will impact on 
project economic. Regarding with this issue,   it is 
essential to perform comprehensive economic 
analysis for business decision purpose. 
 
LITERATUR REVIEW 
The modern approach that used for project 
economic evaluation under uncertainty is  Real 
Option Analysis (ROA). This method is 
complementary of Discounted Cash Flow (DCF) 
method especially on highlighting the option value 
that can reflect managerial flexibility value when 
facing with changing scenario and uncertainties.  
Oil industry characteristics are high 
uncertainty, utilizing complex technology and 
usually dealing with high capital expenditure. 
Regarding with those characteristic, the position of 
the investment decision strategy is essential and 
very critical.  It already well known that Discounted 
Cash Flow (DCF) approach  is not satisfy enough 
since using static approach on the evaluation.  Oil 
price uncertainty is one factor of DCF approach 
weakness since it is difficult to be forecasted. 
Meanwhile this factor is directly impact on future 
cash flow calculation.  The difficulty of discount 
rate prediction which represent risk of project cash 
flow risk also as another issue of DCF method 
utilization. In this case, DCF method cannot address 
project decision flexibility. 
Real options analysis is systematic and 
integrated approach of economic analysis that useful 
to determine management strategic decision making 
with uncertainty. Babajide (2007) already utilized 
ROA as toll for decision making for oil and gas case 
that come up with conclusion that real option can 
maximize expected value of the oil and gas project. 
Real options analysis is directly related with project 
flexibility and gives management perspective  of 
downside risk and upside potential of expected 
value that useful for active managerial decision 
making.  
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Handling the risk assessment factor is the 
fundamental difference between DCF and ROA 
method. DCF method  applies the risk adjusted 
discount rate (RADR) on the cash flow level 
calculation. Meanwhile RO method apply risk factor 
to the uncertainty variables such as commodity price 
by discounting the variable. 
 
 
Figure 2.  ROA versus DCF approach algorithm 
(Haq, 2009) 
 
Lubiantara (2000)  highlights the application of  
ROA in the oil and gas industry  related with how to 
consider the project as  an option which are option 
to expand, option to defer, and option to abandon.   
 
Real option using Black Scholes Merton (BSM) 
method 
One of  the ROA method that applicable for 
economic valuation under PSC term is BSM (Black 
Scholes Merton) valuation. The input of BSM 
method are present value of revenue stream and 
present value of capital expenditure. Those input 
parameters reflect the contractor cash in and cash 
out.  The other parameters are  Risk Free rate and 
Volatility of present value of revenue. The 
following formula is used for  ROA - BSM Method  
calculation. 
 
    ............. (1) 
         ........................... (2) 
         ........................... (3) 
 
Where c = call option value  
Table 1 describes the analogy  oil and gas ROA 
BSM method to stock option case. 
 
Table 1. 
Analogy of oil industry ROA  
case to Stock Option case 
Parameter Stock Option Real Option
S Stock Project
S Value Stock Value PV Revenue
K Execution Value PV Cost
t Contract time Project Time
r Risk Free Rate Risk Free Rate
Stock price volatility Volatility of PV Revenue
Dividend Opportunity Loss  
The value of Flexibility 
The value of flexibility is determined based on 
the different value of Real Option Method and 
Traditional DCF Method refers to the following 
formula. 
NPV Strategic = NPV Traditional + Value of real 
options 
Value of Flexibility = NPV based on ROA – NPV 
Traditional                 .......................................... (4) 
 
Economic Indicator 
The economic evaluation of this case is come up 
with indices such as NPV, POT (Pay Out Time), 
IRR, PI (Profitability Index) and VC (Value 
Creation). NPV, POT and IRR  is common indicator 
that already well known.  Profitability Index and 
Value Creation indicator formula are elaborated 
below. 
 Profitability Index (PI) 
PI is important economic indicator to measure 
investment efficiency. PI is an indicator of the 
value is added per dollar invested.  The PI 
calculation is formulated as below. 
 
  ........ ( 5) 
 
Project will pass the project efficiency criteria if  
project PI exceeds the company’s PI hurdle. PI 
sometimes is used as criteria for the project  
portfolio selection within the company. 
 Value Creation (VC) 
Value creation is economic indicator to measure  
the additional value of the project when 
compared to the value at company  PI hurdle.  
The Value Creation (VC) reflect the additional 
NPV on top of the NPV at PI hurdle rate and  the 
same investment value. The formula of  VC are 
described as below. 
 
 VC = NPV@Discount Rate – [(PI Hurdle Rate – 1) x 
PVDiscount Rate of  investment]                ................. (6) 
 
METHODOLOGY 
The project economic evaluation framework 
consists of data preparation, technical evaluation 
and input parameter,  calculation process and 
analysis then continue with interpreting the output 
that will be used to define conclusion and 
recommendation.   Figure 2 is described the detail of 
project economic framework. 
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Figure 5.  Project Economic Evaluation Framework 
 
TECHNICAL ANALYSIS SUMMARY 
Technical analysis summary is presented to 
give information that related with economic 
calculation and also PSC Gross split fiscal regime 
calculation. 
 
Reservoir Summary 
Production and reservoir and fluid 
characteristic of low quality reservoir “XYZ” of 
Field X is summarized  on the table 2. This 
information is presented to understand the general 
characteristic of reservoir and also production 
information that will imply on the split calculation 
for PSC Gross Split fiscal regime.  
 
Table 2. 
Reservoir Summary 
Field Name Field "X"
Reservoir Res "XYZ"
Block Status POFD
Permeability  20-50  mD
Porosity 0.16 - 0.18
Field Location On Shore 
Reservoir Depth 500 m 
Infrastructure Well Developed
Reservoir Condition Conventional
Production Phase Secondary
Cummulative Production 40 MMSTB  
 
Production Forecasting 
Production forecasting is inherent with revenue 
stream that used for  economic analysis. Production 
forecasting calculates based on Decline Curve 
Analysis that fit for low permeability reservoir 
performance that produced using horizontal well 
with multistage fracturing.  The typical decline rate 
of low permeability reservoir well that produced 
with above method generally has 2 decline period 
which 1st period will be steeper decline rate and 2nd 
period will be more gentle. Oil volume is projected 
based on production profile that calculated from 
initial oil rate and decline rate until economic limit 
rate. Figure 6 describes the production profile of low 
permeability reservoir that exploited through 6 pilot 
wells. 
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Figure 6.  Predicted oil rate profile 
 
ECONOMIC ASSUMPTIONS 
Capital Expenditure 
The component of capital expenditure 
(CAPEX) that required to develop the low 
permeability reservoir project consist of drilling and 
completion, artificial lift, stimulation (hydraulic 
fracturing) and production facilities. Hydraulic multi 
stage fracturing after drilling horizontal well is the 
additional component compared  with conventional 
method. As consequence the capital expenditure of 
this method  is higher than conventional well 
development. The total capital expenditure per well 
is around 3.6 MM US$ with composition 83%  
intangible  and 16% tangible. 
 
Oil Price 
Oil price is one of uncertainty on the economic 
analysis. For this economic analysis, it use World 
Bank and IMF for WTI (West Texas Intermediate) 
oil forecast as reference.  
 
The WTI price prediction will be 65 $/bbls in 
2022 and  continue  increase around 0.5$/bbl each 
year.  
 
 
Figure 7.  Oil Price prediction reference 
 
Fiscal Regime 
PSC Cost Recovery Fiscal Term 
The cash flow calculation for PSC Cost Recovery 
term refer to the scheme that described on the figure 
8. 
 
 
Figure 8.  PSC Cost recovery Scheme 
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Gross Split PSC Fiscal Term 
The fundamental difference between cost 
recovery PSC system and  gross split  PSC system  
are cost recovery aspect and how to determine the 
contractor split.  For PSC GS, there is no cost 
recovery term and contractor split calculation is 
based on base split, variable split and progressive 
split that reflect field, fluid, recovery method, 
reservoir condition and also oil price dynamic.   
The cash flow calculation for PSC Gross Split 
term refer to the following scheme and following 
calculation formula.  
 
 
 
 
GOI Share
(1-A)
KKKS Share
(A)
GOI Take
(GOI Share + Tax)
Tax
Taxable Income
(KKS Share-Cost)
KKKS Take
(KKS Share-Cost-Tax)
Gross Revenue
(100%)
Cost (OPEX and 
CAPEX)
 
Figure 8.  PSC Gross split scheme 
 
Table 3.   
Contractor Split Calculation for PSC Gross Split 
43%
Variable Split
Block Status POFD 3%
Field Location On Shore 0
Reservoir Depth 500 m  (<2500 m) 0
Infrastructure Well Developed 0
Reservoir Condition Conventional 0
CO2 Content 1% (<5%) 0
H2S Content 50 ppm (<100 ppm) 0
API Gravity 32  (>25 API) 0
Local Content 60% (50 <= to 70%) 3%
Production Phase Primary 6%
Field Cummulative Production >125 MMSTB 0%
Oil Price 65.97 5%
60%
Base Split
Progressive Split
Total KKKS Split  
 
 
Economic Analysis Result 
Economic Analysis 
The methods of economic analysis  for this 
project are  conventional discounted cash flow 
(DCF) method and Real Option Analysis using 
Black Scholes Merton (BSM). Both methods is 
applied  for 2 fiscal regimes ( gross split and cost 
recovery system).  Economic analysis will deliver 
economic indices such as  Internal Rate of Return 
(IRR),  Net Present Value (NPV), Pay Out Time 
(POT), Profitability Index (PI) and Value Creation 
(VC). Investment analysis  period is applied until 
the economic limit rate. The production period until 
economic limit is assumed  as time expiration.  For 
this case, the time expiration indicates 9 years from 
started investment.  The summary economic 
analysis for 2 methods  are presented on table 4 and 
table 5. 
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Economic Analysis Using DCF Method 
Table 4.   
Summary Economic Indices Using  
DCF Method for PSC CR and PSC GS  
Economic Indices Unit PSC Cost Recovery PSC Gross Split
Number of Wells 6 6
Oil Recovery MMbbls 1.896                                  1.896                                   
CAPEX MM $ 21.74                                  21.74                                   
OPEX MM $ 3.75                                    3.747                                   
NPV MM $ 6.08                                    10.64                                   
POT Year 0.997 1.517
IRR % 28.9% 29.0%
PI (Profitability Index) Fraction 1.28 1.49
Value Creation MM US$ 0.65                                    1.94                                      
 
Economic Analysis Using BSM Real Option  
Method 
Table 5.   
Summary Economic Indices Using Real Option 
BSM Method for PSC CR and PSC GS  
PSC CR PSC GS
Time to expiration (yrs) 9 9
Risk free rate 2.8% 2.8%
Volatility 17% 7%
d1 1.06 3.00
N(d1) 0.86 1.00
d2 0.55 2.78
N(d2) 0.71 1.00
Call value (MM $) 9,807.1                          14,790.2           
Option Valuation
 
 
 
Sensitivity Analysis 
The sensitivity analysis is performed to 
understanding the changing economic indices if 
input parameter such as oil price, oil production, 
CAPEX, and OPEX are changing.  Sensitivity 
analysis conducted to understand the most 
influencing parameter to economic indices and also 
to know the possible range that reflected downside 
risk and upside potential of the project.   
Figure 9 describes the sensitivity analysis 
result using spider diagram for NPV and Value 
Creation indicators of PSC cost recovery economic 
analysis. 
 
PSC Cost Recovery Sensitivity Analysis 
 
 
Figure 9. PSC Cost recovery NPV and Value 
Creation (VC) Sensitivity 
 
Figure 10 describes the sensitivity analysis result 
using spider diagram for NPV and Value Creation 
indicators of PSC gross split economic analysis . 
 
PSC Gross Split Sensitivity Analysis 
 
 
Figure 10. PSC Gross Split NPV and Value 
Creation (VC) Sensitivity 
 
Value of Flexibility 
The difference value of  ROA method and  
value of Real DCF method is defined as the value  
of flexibility. The value of flexibility of this project 
using ROA BSM method for each case of fiscal  
system is formulated and presented on the table 6. 
The value of flexibility of this project case indicates 
positive, meaning this project is suggested to be 
execute o the time as planned and consider as call to 
expand (executed). 
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Table 6.   
Value of Flexibility for the project  
for 2 fiscal system 
PSC CR PSC GS
NPV DCF Method 6,084.2                          10,692.4           
NPV Real Option 9,807.1                          14,790.2           
Value of Flexibility 3,722.91 4,097.76
Value of Flexibility
 
 
Discussion 
Project economic evolution  of this project at  
discount rate 10.8 %  using DCF and ROA for  both 
fiscal systems  indicate  positive cash flow value. 
Economic indicator  for PSC Gross split is better 
than PSC Cost recovery except pay out time 
indicator.  Pay out time for PSC cost recovery is 
shorter than PSC gross split due to impact of cost 
recovery mechanism  that make spending cost  will 
be incurred earlier. 
Sensitivity analysis of NPV and Value 
Creation indicators are performed with changing 
scenario on oil price, production recovery, CAPEX  
and OPEX . the most influence input parameter to 
the NPV and Value Creation indicator is production 
recovery and oil price and  followed by CAPEX. 
OPEX is not significantly sensitive to the output 
economic indicator.  Based on sensitivity result it is 
suggested to focusing on production recovery that 
depend on successfully of multi stage fracturing 
execution as technical uncertainty. CAPEX also 
should be paid attention on the execution is not 
caused delay time and operation problem that 
potentially cause over budget that impacted on 
reducing economic value.  
Value creation sensitivity using PI hurdle 1.25 
for this case informed that increasing CAPEX 10% 
from base case will impact this project will be 
negative value creation even though NPV still 
positive. It is suggested to maintaining cost 
spending as planned to make this project still 
competitive in term of investment efficiency and 
creating value considering the company PI hurdle.  
The others finding is consider the oil price 
dynamics and actual oil volume recovery, if oil price 
is lower 10% and or also oil volume lower 10% than 
base  from base case will impact on negative value 
creation even though cash flow  still indicates 
positive value. Meaning the project still economic 
but not giving added value if compared to the others 
project  with investment efficiency exceed company 
hurdle. It is recommended that the project execution 
should  be on  base case level oil price and also keep 
drilling and fracturing operation smoothly. There is  
potentially  low production recovery  if in actual 
occur in pessimistic scenario. It can be happened as 
impact of technical uncertainty such as  fracturing 
execution  only success for 2 stage only rather than 
5 stage fracturing as planned. To avoid downside 
risk related with this technical uncertainties,  it is 
recommended to perform UMP (Uncertainty 
Management Plan). Mitigate the technical risk is 
expected to make fracturing execution will run 
smoothly. 
Economic evaluation using ROA-Static BSM 
indicates the higher NPV compared to the traditional 
DCF method. It is indicates positive value of 
flexibility that mean this project is good to be 
executed  (call option). The value of flexibility from 
ROA analysis of  PSC cost recovery system    is 
around $ 3.7 MM US$ and for PSC gross split 
system is around 4.1 MMUS$.  ROA analysis also 
give the information that call value option of the 
longer time expiration resulted in higher value 
option. It means delaying the project will reduce the 
value of option. 
  
Conclusion And Recommendation 
The conclusion and recommendation based on 
the economic evaluation, sensitivity analysis, and 
analysis of value of flexibility are summarized 
below: 
1. Economic analysis  using DCF method and Real 
Option method indicated that the project is 
economically feasible. 
2. For this case, PSC gross split economic analysis 
result  is better than PSC cost recovery. It is 
suggested to use PSC gross split to get more 
favor economic value for the KKKS 
(contractor). 
3. Sensitivity analysis  result suggests that NPV 
and value creation indicator are very sensitive to 
oil production and oil price then followed by 
CAPEX. OPEX is less sensitive input the the 
economic indicators 
4. Considering value creation, it is suggested to 
maintaining drilling operation smoothly to 
achieve oil volume as planned and  also avoiding 
over budget  on CAPEX.  Lowering oil volume 
by 10% and increasing CAPEX spending by 
10% will potentially impact on negative value 
creation. 
5. This project suggested to execute soon when oil 
price on the base case or higher. 
6. Based on ROA analysis  it is indicated that ROA 
option value is higher than NPV from DCF 
method.  It is suggested that the  project will 
give positive  value of flexibility if it is executed 
as planned and mean the option recommendation 
is call to expand (execution). 
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